Technical capabilities and limitations of optical spectroscopy and calorimetry using water-miscible solvents: The case of dimethyl sulfoxide, acetonitrile and 1,4-dioxane.
In drug development, water-miscible solvents are commonly used to dissolve drug substances. Typical routine procedures in drug development include dilution of the stock drug solution into an aqueous solution containing target macromolecules for drug binding assays. However, water-miscible solvents impose some technical limitations on the assays because of their light absorption and heat capacity. Here, we examined the effects of the dilution of three water-miscible solvents, i.e., dimethyl sulfoxide (DMSO), acetonitrile, and 1,4-dioxane, on the baseline stability and signal/noise ratio in circular dichroism (CD) spectroscopy, isothermal titration calorimetry (ITC) and differential scanning calorimetry (DSC). DMSO and 1,4-dioxane affect the signal/noise ratio of CD spectra at typically used concentrations due to their light absorbance. The water-miscible solvents generate interfering signals in the ITC due to their mixing heat. They show negative or positive slope in the DSC. Such interfering effects of the solvents are reduced by appropriate dilution according to the analytical techniques. Because the water-miscible solvents have solubilization capacity for alkyl chain moieties and aromatic moieties of chemicals, drug substances containing these moieties can be dissolved into the solvents and then subjected to the analyses to examine their interactions with target proteins after appropriate dilution of the drug solutions.